GU Ori was observed with the 1m telescope at Yunnan Observatories in 2005. To determine its physical properties, the Wilson-Devinney program is used. The results reveal that GU Ori is a W-subtype shallow contact binary with a more massive but cooler star 2. The mass of its two component stars are estimated to be M 1 = 0.45M ⊙ , M 2 = 1.05M ⊙ . The O'Connell effect was reported to be negative on the light curves observed in 2005. However, it changed to a positive one on the light curves observed from 2011 to 2012. The mean surface temperatures of star 2 (T 2 ) determined by the two sets of light curves were different, which may result from stellar activities.
Introduction
In the Universe, over 60 % of stars are in binary or multiple systems. However, only a very small part (nearly 0.2 %) of them that eclipses can be observed from our Earth (Guinan 2004) . Eclipsing binaries are ideal targets to determine absolute parameters of stars when light curves and radial velocity curves are combined. The evolutionary of close binaries is more complex than those of single stars, since the evolution of components will be highly affected by each other. Qian et al. (2018) divide the W UMa-type contact binaries into three groups:
(1) long-period massive EWs with the same metallicities with lower Log g than those of EAs with the same orbital period; (2) short-period less-massive EWs that have lower metallicities and higher Log g; (3) EWs have higher metallicities that may be contaminated by the material from the evolution of compact companion objects. In the present work, we focus on the contact binary GU Ori with high metallicity ([F e/H] = 0.31). It belongs to extreme Populaton I stars and locates in the spiral arm of the Milky Way galaxy. Qian et al. (2018) assume that they may be contaminated by the material from compact objects nearby. Many contact binaries are found to be accompanied with tertiary components (Zhou et al. 2015; Zhou et al. 2016a; Zhou et al. 2016b ). Tokovinin (2018) updates the catalog of multiple stars. It is supposed that the tertiary component may accelerate the orbital evolution of the host binary through the Kozai mechanism (Kozai 1962; Fabrycky & Tremaine 2007) and shorten the pre-contact time scale of close binaries.
GU Ori was listed in the General Catalog of Variable Stars (GCVS) (Samus et al. 2017 ) as an Algol type variable star. Samolyk (1985) determined its period to be 0.470681 days and concluded that the period of GU Ori isn't constant. However, it is listed as a W UMa type contact binary in the International Variable Star Index (VSX) (Watson et al. 2006) , with photometric magnitude range from 12.5 to 13.3 mag in V band, and period of 0.4706769 days. Yang et al. (2017) claimed its spectral type to be G0V and published V and R c light curves' solution. The spectrum of GU Ori was obtained on January 3rd, 2014 by the Large Sky Area Multi-Object Fiber Spectroscopic Telescope (LAMOST) (Su et al. 2012; Cui et al. 2012; Zhao et al. 2012; Luo et al. 2012; Luo et al. 2015; Deng et al. 2012) , which determined its spectral type to be G1, effective temperature to be 6050 K, and metallicity ([Fe/H]) to be 0.31. In the present work, the light curves and period variations of GU Ori are investigated to understand the theory of formation on contact binaries with high metallicity.
Photometric Observations
GU Ori was observed on February 6th and 9th, 2005 with the 1.0 m reflecting telescope at Yunnan Observatories, Chinese Academy of Sciences, and the B, V and R c filters (JohnsonCousins filter system) were used. The 1m telescope has a field of view about 7.3 square arcminutes. The exposure time was 140s for all images. A total of 79 images in B band, 78 images in V band, 77 images in R c band were obtained. One of the observational images is displayed in Fig. 1 . All of the observational images are reduced with IRAF. UCAC4 514-020704 and UCAC4 515-021077 are chosen as the Comparison star (C) and the Check star (Ch). Differential aperture photometry method is applied to calculate light variations of GU Ori. GU Ori (V), UCAC4 514-020704 (C) and UCAC4 515-021077 (Ch) are marked in Fig. 1 . Their coordinates and V band magnitudes are listed in Table 1 . Two times of minimum light are determined and the averaged values are listed in Table  2 . The first two columns are the observational times of minimum light and their errors. The lower-case p and s refer to the primary minimum and the secondary one. The filters used during the observations are listed in the fourth column.
Based on the primary minimum listed in Table 2 and the period given out by VSX, the phases are calculated with the ephemeris:
(1) The light variations are displayed in Fig 
Orbital Period Investigation
Mass transfer and tertiary component are quite common in contact binary systems, which cause the periods of contact binaries to change. The O -C method is usually used to detect the period variations. The photometric observation on GU Ori has a long history and many times of minimum light have been published. They are listed in Table 3 .
Column 1 -heliocentric julian date of observed minimum (HJD -2400000); Column 2 -identification of primary (p) or secondary (s) minimum; Column 3 -method used to determined the time of light minimum. pg means observed by photograph, and CCD refers to Charge Coupled Device;
Column 4 -cycle numbers from the initial epoch; Column 5 -the (O − C) values calculated from Equation 2; Column 6 -observational error; Column 7 -reference for the time of light minimum.
The O -C gateway 1 is a database which collects times of minima of eclipsing binaries.
GU Ori is listed in the database. The initial epoch and period published in the O -C gateway are used,
As shown in Fig. 3 , the period of GU Ori isn't constant. According to the result calculated by Yang et al. (2017) , the parabola goes upward when only CCD data are used. However, the parabola goes downward while pg data are considered. The only reasonable explanation is that a cyclic variation exists. Therefore, long term increase (or decrease) and periodic variations are superposed on the linear ephemeris,
where ∆T 0 and ∆P 0 are corrections to the initial epoch and period, the quadratic term refers to secular variation, and τ is the periodic variation. The periodic term is explained in detail by Irwin (1952) . We assume a circular orbit in the present work. Based on the least-squares method, the new ephemeris is determined
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According to the new ephemeris, the period of GU Ori is decreasing continuously at a rate of dP/dt = −6.24 × 10 −8 day · year −1 , and a cyclic change is revealed. (2000); (4) Safar & Zejda (2000); (5) (2002); (11) Zejda (2004); (12) Agerer & Hubscher (2003); (13) Kotkova & Wolf (2006) ; (14) Krajci (2005); (15) Locher (2005); (16) The present work; (17) Zejda et al. (2006); (18) (2017); (26) Diethelm (2011); (27) Diethelm (2012); (28) Diethelm (2013);
Analysis of Light Curves
To model the light curves of GU Ori and determine its physical properties, the WilsonDevinney (W-D) program (Van Hamme & Wilson 2007; Wilson 2012 ) is used. Since GU Ori has EW type light curves, Mode 3 for contact binary whose both component stars are filling their Roche lobe is applied. According to the spectral information obtained by LAMOST, the mean surface temperature of the star eclipsed at the primary minimum is set to be T 1 = 6050K. The gravity-darkening coefficients, the bolometric albedo coefficients and the limb darkening coefficients are adopted accordingly (Lucy 1967; Ruciński 1969; Van Hamme 1993) .
First of all, the q-search method is used to determine the initial mass ratio of GU Ori, in which q is set from 0.02 to 9. The step is 0.02 while q ranges from 0.02 to 1 and 0.05 when q ranges from 1 to 9. The results are plotted in the left part of Fig. 4 . It shows two minima at q = 0.44 and q = 2.40. Then the initial mass ratio of q = 2.40 is adopted and set as a free parameter. The final values of all adjustable parameters are listed in the second column of Table 4 . The corresponding theoretical light curves based on the determined parameters and the fitting results are displayed in Fig. 5 . Yang et al. (2017) ∆T ( minimum at q = 0.45 when the q -search method was applied. Using the data published by them, we get the q -search diagram which are displayed in the right panel of Fig. 4 . Two minima at q = 0.44 and q = 2.35 are obtained. It is consistent with the result determined using the light curves' data observed by the 1m telescope at Yunnan Observations, Chinese Academy of Sciences. The sulution is listed in the third column of Table 4 . The fitting light curves are shown in Fig. 6 . We usually get two minima while the q -search method is applied and the two q values are inverse. The deeper minimum is usually chosen. The two ambiguity solutions correspond to A or W configuration and give out the same mass, radius and luminosity for the two components. However, the temperature and star eclipsed at the primary minimum are different. For q = 0.44, the massive star is mistaken as the star eclipsed at the primary minimum and the temperature of massive star is higher. In fact, it is a W-subtype system that the less massive but hotter star is the star eclipsed at the primary minimum. 
Discussions and Conclusions
In the present work, two sets of light curves of GU Ori are analyzed with the WilsonDevinney program, and its basic physical parameters are determined. GU Ori is a totally eclipsing binary, and the determined parameters have very high confidence (Terrell & Wilson 2005) . The mass ratio and orbital inclination calculated from the two sets of light curves are almost the same, which means the two separated observations give out consistent results. The fill-out factor determined by us is a little higher than that determined by Yang et al. (2017) , which may be caused by mass transfer from star 2 to star 1. In 2005, the temperature difference between the two star is only 29K. However, the difference becomes quite larger (204K) after several years later. Since GU Ori is a solar-type contact binary, spots are common on its component stars. The spots' parameters are listed in Table 4 . The stellar activities may result in the changes of the determined mean surface temperature of the secondary star (T 2 ). The average temperature of star 2 is 5934(42)K, and the mass of star 2 is estimated to be 1.05 M ⊙ (Cox 2000) . Then, the absolute parameters of the two component stars are calculated and listed in Table 5 . The orbital semi-major axis is 2.92R ⊙ . The O'Connell effect appears on late-type contact binaries commonly. It is suggested that it is closely related to magnetic activity of the component stars (Zhou et al. 2016c; Wang et al. 2015) , circumstellar material around the binary system (Liu & Yang 2003) , and mass transfer between the component stars (Shaw et al. 1990 ). For GU Ori, the negative O'Connell effect is reported on the light curves obtained in 2005, in which the light maxima after the secondary minima (Max II) is brighter than the light maxima at phase 0.25 (Max I). The difference between the two light maxima (Max I -Max II) are 0.037 mag in B band, 0.033 mag in V band, 0.030 mag in R c band. However, the O'Connell effect changed to positive one and the Max I -Max II are -0.026 mag in V band, -0.022 mag in R c band for the light curves obtained by Yang et al. (2017) . The O'Connell effect on GU Ori may be related to stellar activitives (Zhou et al. 2016d) .
The period investigation of Yang et al. (2017) shown that the period of GU Ori was increasing at a rate of dP/dt = +1.45 × 10 −7 day · year −1 . However, only times of light minimum observed by CCD method were used in their work. In our O -C diagram, times of light minima obtained by photograph method are also used. Although the pg data don't have as high accuracy as the CCD data, they do show a downward tendency. While the variation tendency is upward when only CCD data are used. Therefore, the pg data are very important while the period variation of GU Ori is investigated since they will give a quite different result, as show in Fig. 3 . The mass transfer from the more massive star to the smaller one is supposed to explain the long term period decreasing (dP/dt = −6.24 × 10 −8 day · year −1 ), with its rate to be dM 2 dt = −2.98 × 10 −8 M ⊙ /year. And also, a cyclic period change is revealed, which may be caused by the light-travel time effect of a tertiary component.
The W UMa type contact binary stars may evolve from short period detached binaries, and it will take a quite long pre-contact evolution time scale (Stȩpień 2006; Stȩpień 2011; Yıldız & Dogan 2013; Yıldız 2014 ). The nuclear evolution and angular momentum evolution have played very important role during the evolution stage from detached to contact status (Hilditch et al. 1988) . Thus, most of research work have been focusing on the two evolutionary mechanisms. Nowadays, the LAMOST have obtained atmosphere parameters for thousands of contact binaries, which attract our research interest. The statistical research shows that the atmosphere parameters of contact binaries may also give us some important information on their formation and evolution. The high metallicity is a key factor to select a group of binary systems, in which GU Ori is a sample. Qian et al. (2018) pointed out that contact binary with high metallicity may be contaminated by compact object during its evolution lifetime. In the case of UX Eri ([Fe/H] = 0.45), the mass of the tertiary is estimated to be less than 0.56M ⊙ (Qian et al. 2007 ). The tertiary component may have shortened its pre-contact evolution time (Qian et al. 2013 ). GU Ori is also a contact binary with quite high metallicity ([Fe/H] = 0.31). Its formation and evolution may be different from that of UX Eri. The cyclic period change implies that there may be a tertiary component orbiting GU Ori. However, third light isn't detected through the light curves. The information is insufficient to estimate the parameters of the tertiary component by far, and more evidences are needed to confirm whether GU Ori is really contaminated by the tertiary component. The present work is just the beginning, and more and more contact binaries with high metallicity will be investigated carefully in the future, which will shed new light on research of contact binaries.
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